INTRODUCTION
The goals of the program to be presented are to:
 Address the need for greater technical awareness in the general student population  Extend the breadth of nanotechnology education for STEM majors, and  Expose both student groups to the social, economic, and ethical issues of nanotechnologies. This is being accomplished by a junior-level sequence of three courses that brings together technical and non-technical majors to jointly deal with a curriculum that includes both technical and social aspects of this rapidly developing field. [1] This sequence also forms the basis of a future nanotechnology minor with the addition of selected senior courses in different disciplines.
General Education at Portland State University (PSU) includes thematic "clusters" of junior courses. Students must choose three courses from one of these clusters which must be outside the student's major. The new courses PH 382/382U, BI 372/372U and ECE 383/383U are all taught by active learning principles and are included in the junior UNST Science & Liberal Arts "cluster" as SCI382/382U, SCI 372/372U and SCI 383/383U respectively, where the "U" indicates that the course is being taken for General Education (University Studies) credit. Furthermore, the introduction of these junior level courses will eventually establish a Nano-Science and Engineering base for an interdisciplinary minor for the technical students who choose designated advanced level courses. The minor will include advanced senior courses in participating departments, including a senior/graduate inter-departmental laboratory course in the fabrication and characterization of nanomaterials and nanostructures. As a result of this program, the technical students gain:
 Increased technical breadth in nanotechnology  General education in the context of their area of interest while the non-technical majors will develop:
 An understanding of nanotechnology itself  A broader understanding of scientific research and engineering design processes and both find insights into:
 There are graded student group "wikiformat" assignments on the collaborative efforts of groups of 5 students to come up together with an entry in a genuine 300 level on-line textbook. The textbook that will develop over the many years this course will run will be freely available to anybody worldwide with internet access. Anonymous pre-course and postcourse tests will evaluate the students' total progress. These tests will be designed by the instructor of the course, but analyzed by professionals with a background in research in education science and student comprehension. Conceptual bridges will be built to the more advanced courses PH 481/581 "Introduction to Nano-Materials Science and Engineering" and PH 501 "Nanometrology".
Biology
The emergence of any new technology often raises the challenge of balancing risks with benefits, and in this regard, nanotechnology is no exception. BI 372U: Nanotechnology, Society and Sustainability introduces students to the ethical, legal and social issues associated with nanotechnology within a socioeconomic environmental and sustainability context. Nanotechnology has broad implications and applications, ranging from environmental remediation and/or contamination to social justice and equity applications in developing countries, to biomedical treatments and interventions, to intellectual property dilemmas. Students gain familiarity in the course with nanotechnology within these contexts, and develop skills in analyzing and balancing risks and benefits grounded in a sound understanding of the science behind nanotechnology applications. The course is taught using a deliberative pedagogical model that exposes students to expert views from a variety of perspectives and supports students' critical analysis and reasoning skills working both individually and collaboratively. Emphasis is placed on integrating technological literacy with critical inquiry and problem solving in social and ethical contexts, with particular emphasis placed on understanding the implications of nanotechnology for the environment and human health, in both local and global contexts
The lecture-by-lecture course outline is presented in Table 1 below. The emphasis on the environment and human health is also demonstrated by the student grading scheme outlined below in Table 2 .
Assessment of the course has examined whether and how student attitudes, knowledge, and engagement change as a consequence of their participation in the course. Students who take this course are encouraged to enroll in the other two courses in the nanotechnology undergraduate sequence. Class discussion and review of readings
Electrical and Computer Engineering
ECE 383: Nanotechnology: Simulation & Design provides an introduction to basic electrical concepts, nanotechnology, and the principles of electronics modeling and simulation, which are used to examine future nanoelectronic devices and circuits, and the applications of nanotechnology in environmental and biomedical sensing …. all without calculus to make the course accessible to Humanities and Social Science (H&SS) majors without prerequisites beyond high school math and science! The Course Outcomes are stated to be:
 Understanding of the basic concepts of nanotechnology  Understanding of the role of computer simulation in engineering design  Competence in the application of one simulation software  Understanding of the physical operation of selected nanodevices  Understanding of environmental, health and social issues of nanotechnology  Ability to write competently and appropriately to the context
The course is set up as "lecture/lab," with one lecture and one "lab" per week with the topics listed below. In addition, the course operates by collaboration of STEM and H&SS students in groups. ECE students cannot take ECE courses for UNST credit and the ECE undergraduate curriculum is crammed with required courses and a limited range of electives specific to each specialization track. The course incorporates sufficient writing to be designated a Writing Intensive Course (WIC) and on this basis the ECE Department accepts it as fulfilling its technical writing requirement. The hope is that this will attract sufficient ECE majors to provide a 50:50 mix with non-STEM students for the groups to operate successfully.
Laboratory
The Nanotechnology Laboratory course is in the planning stage with some equipment being constructed. The tentative experimental sequence is given in Table 4 . 
COURSE REVIEWS
The ECE course was the first to run, in fall 2013, with the Biology course following in winter 2014 and the Physics course currently offered in spring 2014. In 2014-2015 the sequence will be Physics, Biology and ECE, as originally intended.
PH 382/SCI 382U: Introduction to Nanoscience and Nanotechnology
There is no feedback from this course which has just begun at the time of writing, other than the single datum point that only one of the preceding term's BI/SCI 372 students enrolled despite a 100% expression of interest when the Biology course was surveyed. Nevertheless, enrollment stands at the maximum of 30 students.
An early innovative feature of the course is the use of 3D-printed crystallographic models to teach crystal structures by direct observation. The model concept itself is not new, but the use of 3D printing allows the simultaneous fabrication and student assembly of cutaway sections.
ECE 383/SCI 383U: Nanotechnology: Simulation and Design
This course was late in getting approval to run initially as a "399" experimental course, and although it had approval to run a SCI course and for UNST credit, that was never communicated to students via the various websites in time to attract registrations, UNST registrations in particular. The end result of this failure of communication was that the initial registration was a paltry three(!) consisting of one general science major, one aspiring ECE freshman, and one ECE junior. THE ECE chair declined to cancel the course and it ran therefore with only three students! Measures have been taken to ensure that the course is correctly listed when next offered, but with so few students the surveys which were run have no statistical significance and will not be referred to again here. Nevertheless, there are some conclusions that can be drawn from the regular course evaluations and simple observation of how the course functioned. On the positive side, the WIC tutor was generally effective, but the WIC components of the course must be sharpened and more explicitly defined. The other element which worked well was the collaboration between STEM and non-STEM students with the ECE junior providing advice and assistance to the other two on the mechanics of the (SPICE) simulations. In future the following changes will be made to the ECE/SCI 383 course:
 The requirements for the ECE and SCI courses will be different.  The WIC status must be maintained (at least for the ECE course) in order to get ECE registrations.  The lecture/lab nature will be more formalized with two lectures and a scheduled regular length lab period.  The simulation lab "experiments" need to be more completely "test driven." (We are relying on the research literature here, and some of the published results have turned out to be very suspect.)  There is need for a textbook more relevant to the course material and objectives. Writing such a text (or more detailed notes for the next course delivery) is an objective for before the next course offering.  Time must be scheduled for discussion of the weekly assigned textbook readings. The students indicated that they found these interesting, but the intended class discussions were usually sacrificed to coverage of background theory for the device simulations.  Most of these changes come down to improved time management. 37 th Int. Spring Seminar on Electronics Technology
BI 372/SCI 372U: Nanotechnology, Society and Sustainability
Initial enrolment was the maximum 30 for a WIC course, but no students took it to meet a WIC requirement, possibly because length limits on on-line course listings cut off the WIC designation which follows the course title. Unexpectedly, the class included more seniors (12) than juniors (7) with others primarily post-graduate students taking required courses to change fields for a graduate degree and a solitary freshman. In keeping with PSU's role as an urban university offering "second chances" to mature students, years past high school graduation range from one (the freshman) to three (for only three of the juniors) to four (for four of the seniors) and up to a maximum of 21 years. The average time past high school was just over 8 years. Twelve of 22 respondents transferred from a community college, again a typical proportion for PSU. The male/female ratio was 14/8 and only 3 students identified themselves as belonging to a racial minority.
The mix of degree majors missed the general education objective in that only four of the 22 respondents were not from STEM subjects (music, philosophy and business) with half of the remainder (9) coming from varied specializations within biology, and rest from computer science (3), general science (2) physics (1), biochemistry/math (1) and premedicine (3). Eight of the 22 plan to continue to a masters' degree in their respective fields, five aspire to a PhD, and five intend to pursue a post-graduate professional degree. Although most profess to be "interested" or "very interested" in science, the level of enthusiasm drops markedly for math, to "somewhat interested" or "interested." At the start of the course 10/22 expected to use what they would learn in their careers, (although only occasionally or peripherally,) and at its close 8/17 felt the same way, i.e. no change. The biggest change in student attitudes after course completion compared to the start are tabulated below on a 1 to 6 scale. 
CONCLUSIONS
The package of three UNST junior cluster courses will have run once through by the end of the current academic year, and will be repeated next academic year with changes to make the improvements identified by regular course evaluations, the instructors' own observations and analysis of blind before and after surveys conducted by the University of California at Berkeley. The ECE course requires substantial work to develop textbook style notes whereas the Biology course needs only fine-tuning. It is not clear when the laboratory course will run.
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